Objective To provide cost guidance for developing a locally adaptable and nationally scalable community health worker (CHW) system within primaryhealth-care systems in sub-Saharan Africa.
Introduction
The evidence is overwhelming that community-based interventions are an effective platform for extending health care delivery and improving health outcomes. Such evidence indicates that a well-implemented community-based health programme can: (i) reduce infant and child mortality and morbidity; (ii) improve health-care-seeking behaviour (e.g. increase rates of institutional delivery and immunization); and (iii) provide low-cost interventions for common maternal and paediatric health problems while improving the continuum of care. [1] [2] [3] Such community-level programmes can be particularly effective for addressing the most common causes of paediatric mortality and morbidity, such as pneumonia, diarrhoea, undernutrition, malaria, human immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS) and measles. [4] [5] [6] [7] [8] [9] [10] [11] These community-based health programmes are often successfully executed through community health workers (CHWs). These are lay people who live in the communities they serve and who function as a critical link between those communities and the primary-health-care system. 12 The well-documented success of CHW programmes over the last few decades has increasingly pushed investment in CHW subsystems to national and international policy platforms as part of coordinated efforts to improve health-care systems. 13 Although several reviews have documented the positive impact of CHWs on health outcomes, CHW programme costs have barely been examined, probably because cost data are much less widely available than data on programme outcomes. In one revealing review of 53 studies on CHW programmes in the United States of America, only six studies referenced costs and the authors considered such data to be insufficient to draw any conclusions. 14 When included, costs are generally associated with interventions rather than with comprehensive CHW programmes; furthermore, estimates do not account for economies of scale or year-on-year efficiencies. 15 To date, the official costs of national CHW programmes in pioneering countries such as Ethiopia, Malawi or Rwanda have not been estimated, partly because tracking unit costs is difficult and because methods for isolating the CHW subsystem from an integrated primary-healthcare system have been elusive. This paper provides cost guidance for one adaptable configuration of a CHW "subsystem": a provider system housed within a larger primary-health-care system that includes clinics and referral hospitals. Costing is done by function (e.g. diagnosing and treating malaria) and by local epidemiologic characteristics (e.g. each country's prevalence of HIV infection), so that components and assumptions can be easily modified. National scale-up of CHW programmes and of primary-health-care systems more broadly is likely to reduce the incidence of many of the diseases discussed in this paper. This model allows costs to be easily recalculated as incidence rates change. New functions, such as the care of patients with chronic conditions, could be added and costed once a vetted CHW protocol for these functions has emerged.
Methods

Model community health worker system
We designed the model CHW system presented in this paper using the health system building blocks of the World Health Organization (WHO) ( Table 1, available at: http://www.who.int/bulletin/volumes/91/##/##-######), empirical evidence and lessons learnt from several global CHW programmes, and data from the Millennium Villages Project. In this costing model we focus on full-time, paid public sector CHWs who are formally recognized as an integral part of the rural primary-health-care system and who perform their work primarily in the community and through household visits.
The CHWs in this subsystem provide community case management of diarrhoea, malaria and malnutrition, management of pregnancy and health promotion through household visits. This subsystem is supported by robust supervision, information-driven management and a provider network within the health system. This model is also based on the assumption that CHWS receive short training and strong supervision and that the health system is strong. In the particular model costed, we also assumed that an mHealth platform was used to collect data and provide decision support, given the increasing popularity of mHealth programmes in primary care. Detailed inputs, processes and outputs from this framework can be found in the One Million Community Health Workers report. 16 This costing exercise also illustrates one possible additional configuration in which a subset of "generalist" CHWs is further trained to work closely with skilled birth attendants to enhance maternal care. Although this CHW subset relies on a skilled clinical team member for supporting pregnancy and childbirth, for the sake of discussion we herein refer to these CHWs as "childbirth specialists".
Cost inputs for household services
We estimated the cost of fully deploying CHW subsystems across the rural areas of subSaharan Africa and develop a costing framework for countries to refine and adapt in their own national planning. Fig. 1 , Fig. 2 and Fig. 3 illustrate the algorithm for costing, including junctures (represented by green squares) requiring data on population, disease incidence and supply and commodity costs. Unless otherwise indicated, unit costs were provided by the Millennium Villages Project.
Results
Costs per community health worker
Backpack and mobile phone: Each CHW is given a mobile smartphone costing US$ 150, a solar charger costing US$ 40 and a data plan costing US$ 480 per year for supervisory support, communication and data collection. To reduce costs, national CHW programmes can establish closed user groups -a nationwide network that allows free calls and short message service between identified health staff. Each CHW is also given a backpack costing US$ 10 to carry supplies.
Training: CHWs receive one year of training: 3 months in a classroom and 9 months while in service, plus supervision and feedback. They also receive a yearly refresher course lasting 20 hours. In the Millennium Villages Project, training 50 CHWs for 80 hours costs US$ 300. This includes transport, meals, supplies and trainer's honorarium, as necessary. We used this figure to compute an hourly cost. Following the experience of Pakistan's national Lady Health Worker programme, we assumed a 5% student attrition rate during training.
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Salaries: In the costing model, each CHW receives a monthly salary of US$ 80. This is the average CHW salary across Millennium Village Project settings in 10 countries. This figure will fluctuate depending on national rural wage levels.
Management: Each CHW Manager is assumed to manage 30 CHWs and receives an annual salary of US$ 9600. This 10-fold difference between CHW and CHW manager salaries represents the average difference across Millenium Village sites. Note that CHW managers could be physicians in primary-health-care facilities with supplemental training in management, which would parlay some of this cost into existing primary-health-care system budgets.
Overhead: We added 15% to total programme costs in order to account for the overhead costs at the local, national and international levels of a global effort to reach full coverage, or around 1 million CHWs across low-income sub-Saharan Africa by 2015. This includes components of the operational design not listed as segregated costs, such as community engagement and information management.
Generalist CHWs are expected to generate various costs. The cost modelling we have conducted is based on country-specific disease prevalence rates (and subnational endemicity data in the case of malaria). If the prevalence of any disease drops, the resulting commodity expenditures will decrease accordingly.
Monitoring for undernutrition: CHWs will use mid-upper arm circumference (MUAC) strips to monitor children between the ages of 1 and 5 years for undernutrition at least once every 90 days. We estimate a requirement of one MUAC strip per child per year, at a cost per strip of US$ 0.05.
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Treating diarrhoea: CHWs will treat episodes of diarrhoea with oral rehydrationsalts and zinc tablets. They should teach caretakers how to administer ORS and leave two packets in the household, along with 20-mg tablets, to be taken once daily for 14 days (half a tablet in the case of children younger than 6 months). 19 We calculate the average cost per episode to be around US$ 0.42. 18 Following published data, 20 we assume that children under 5 years of age experience 5 diarrhoeal episodes annually, and that people older than 5 years experience 1.28. This leads to an estimated 1.1 billion diarrhoeal episodes per year in rural Africa. Notably, diarrhoeal disease is projected to be the most expensive health condition covered by CHWs: US$ 0.79 out of US$ 2.88 in supply and commodity costs per person served by the CHW subsystem. A reduction in diarrhoeal disease incidence would have important cost implications for CHW programmes.
Testing for and treating malaria: In the absence of microscopy, WHO protocol dictates that all people with fever in malarious areas should undergo a rapid diagnostic test (RDT) before being treated with antimalarials. We used the United Nations Population Division's World Population Prospects' demographic breakdown for 2010 to divide the population in malarious zones into groups aged 0-4, 5-9, 10-14 and 14+ years. We assume that the 0-4 age group will experience two fever episodes per year; the 5-9 and 10-14 age groups, one fever episode per year, and the 14+ age group, 0.5 fever episodes per year. These figures are the average annual number of fever episodes from all causes, across all malaria endemicity levels. One RDT kit costing US $0.50 is needed for each of these fever episodes.
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We also calculate the costs of treating malaria with artemisinin-based combination therapy (ACT). We assume that RDT will reveal that around 30% of the fevers are due to malaria and require ACT. The total number of fever episodes requiring treatment for malaria by 2015 is estimated at 150 million, which is within the range of other published estimates. Each case can be treated with either artemether-lumefantrine or artesunate-amodiaquine, so we use the average cost.
The costs per treatment course are as follows: for artemether-lumefantrine, US$ 0.45 for the 0-4 age group, US$ 0.90 for the 5-9 age group, US$ 1.35 for the 10-14 age group and US$ 1.80 for the 14+ age group; for artesunateamodiaquine, US$ 0.23 for infants, US$ 0.45 for children aged 1-6 years, US$ 0.80 for children aged 7-13 years and US$ 1.48 for people older than 13. We used the dosages recommended by the Roll Back Malaria Partnership and average drug prices obtained from Sanofi-Aventis (Paris, France), Ipca (Mumbai, India) and Cipla (Mumbai), with adjustment to match the age groups in our analysis. The total projected expenditure is US$ 153 million in RDTs and US$ 87 million in ACTs, with national per capita expenditure varying in accordance with each country's endemicity levels.
Deworming: Using country-level data on the prevalence of ascariasis, trichuriasis and hookworm, 22 we applied the following protocol: if the country-level prevalence of any of the three infestations is over 50%, all individuals receive three doses of albendazole (costing US$ 0.02 per dose) per year. 18 If the prevalence is above 20% and below 50%, then everyone receives one dose of albendazole. For schistosomiasis, if the prevalence is above 50%, everyone older than 4 years is treated with praziquantel once a year. 23 If the prevalence is above 10%, every eligible person is treated once every two years. If the prevalence is below 10%, only school-age children are treated twice during their school-aged years (once on entry and once on exit). Praziquantel costs US$ 0.22 a tablet, 18 and since the number of tablets in the treatment varies from 1 to 5 depending on body weight, we assume an average of 2.5 tablets per treatment.
Pneumonia: WHO reported 131.3 million pneumonia episodes in Africa in 2004. 24 From this we calculate the number of episodes per person and, on the assumption that incidence in a given country remains constant, we estimate the number of pneumonia episodes in the population covered by CHWs each year. We include timers for each CHW to assess children's respiratory rate; respiratory timers from the United Nations Children's Fund cost US$ 3.50. 18 Since they are good for 10 000 uses, we assume one timer per CHW per year. The average cost of antibiotics is US$ 0.27 per case. 24 Screening for tuberculosis: CHWs should collect sputum samples from suspected tuberculosis cases. We estimate the number of screenings using each country's incidence of tuberculosis and assume a positivity rate of 10%. The cost of screening one person covers the collection of three sputum samples in containers (one on the first day and two on the second day). The containers are labelled with a marker and put in a reusable sealable plastic bag. The cost of each container is US$ 0.054. Each CHW is given two markers for the year and three reusable sealable plastic bags every 3 months. Finally, CHWs use two new pairs of surgical gloves for each screening, since the screening is conducted over two days. In the Bonsaaso Millennium Village in Ghana, markers are priced at US$ 10 for a pack of 8, plastic bags are priced at US$ 8 for a pack of 25 and surgical gloves are priced at US$ 0.60 a pair. Screening pregnant women for HIV infection: All pregnant women will undergo at least one HIV test. Following Joint United Nations Programme on HIV/AIDS cost estimates for the prevention of mother-to-child transmission of HIV, we estimate a cost of US$ 3.90 for each HIV serological test. If a pregnant woman tests positive for HIV, the CHW will also test her husband and children (assumed to be 2, on average). HIV-positive individuals will be referred to the national AIDS programme for counselling and treatment.
Ambulances are included in the costing model as a necessary link between the CHWs and the primary-health-care system.
Ambulances: One ambulance is assumed to cover a population of 50 000 people in a rural area. Based on experience inMillennium Villages, an ambulance costs an average of US$ 36 000. The ambulance driver receives an annual salary of US$ 4782. Ambulance fuel and maintenance costs average US$ 4825 per year across Millennium Villages.
In total, it will take an average of US$ 3750 annually to train, equip and support each CHW between 2012 and 2015. Maintenance of the CHW programme after 2015 will cost US$ 3150 per CHW. These costs do not include two potential CHW services: family planning and HIV screening for the general population. Since public health specialists have not reached consensus on whether CHWs should be tasked with these services, we have separated them from the costing framework above and consider them below:
Family planning: The average cost of family planning in Africa, including contraceptives, has been estimated at around US$ 26.90 annually per woman of reproductive age (15-49 years). 25 If generalist CHWs offer family planning services to women in this age group, the total cost comes to an average of US$ 2.4 billion per year, or US$ 6.36 per person serviced by the CHW programme.
HIV screening in the general population: Studies have begun documenting the benefits of active case finding and outreach by CHWs. 26 Health service provision is moving towards increased decentralization and at some point CHWs may be tasked with testing the general population for HIV. (Note that in the costing presented earlier, pregnant women and their families are already tested through childbirth specialist CHWs). Although the appropriate frequency of testing remains to be determined, we assume one annual test per person to get an idea of costs. Extending HIV testing once a year to all HIV-negative people older than 14 years costs an average of US$ 791 million per year, or US$ 2.12 per rural inhabitant.
Estimated costs of scale-up by 2015
The model ramps up CHW coverage evenly from 2012 to 2015: in 2012 one quarter of the rural population receives services, but by 2015 the entire rural population will be serviced. Note that in the costing model rural population and population growth are based on United Nations Population Division data, which come from national statistics offices with varying definitions of urban and rural areas. Thus, our model is based on each country's definition of "rural" and "urban". The number of CHWs per inhabitant will be different for each country, especially in light of differences in rural population density.
For this reason, Fig. 4 shows programme costs by major category as a function of the number of rural residents per CHW, which varies from 500 to 1000 people. Steady-state system costs listed in the last three columns of Table 2 include the training of new CHWs to keep up with rural population growth and refresher courses for all CHWs in the system. Steady-state calculation includes capital costs such as phones, backpacks and ambulances; these are amortized over 3, 3 and 7 years, respectively. Fig. 5 shows how expenditure is spatially distributed across rural Africa. To obtain the distribution we used the costs per rural inhabitant given earlier and 2.5 arcminute GIS data on population and urban extents in 2010. 27 We eliminated the urban population and calculated the average annual cost per grid cell. The map allows international and national policy-makers to see how CHW programme expenditures would be distributed within and across sub-Saharan African countries.
Discussion
According to studies published by the Commission on Macroeconomics and Health, the
United Nations Millennium Project and the International Task Force on Innovative
Financing for Health, in a low-income country a primary-health-care system should cost from US$ 50 to US$ 55 per capita per year in 2011 prices. [28] [29] [30] According to this model, the CHW subsystem configured in this paper would cost approximately 5% of the total cost of a primary-health-care system.
Although this framework provides an estimate of CHW-related costs across subSaharan Africa, country-specific financing models reflecting the local costs of training and deploying the CHWs should emerge, along with country-specific strategies to suit different CHW programme characteristics. Nigeria is currently planning to deploy a CHW subsystem nationally.
The effectiveness of a CHW subsystem depends on how well the rest of the health system functions. Although we excluded hospitals, clinics and non-CHW health staff from our costing model, they provide vital logistical support to CHWs by making available to them adequate supplies of medicines and possibilities for patient referral.
When national CHW initiatives have been taken to scale without supporting infrastructure, retrospective analysis reveals weaknesses in management, supply chain, financing and other components of the supporting system.
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Depending on existing policies or disease prevalence, national CHW strategies may be designed to train CHWs to provide supplemental services beyond those described in this model. As countries engage in the financial and operational planning of their CHW programmes, model inputs will differ in accordance with the local context, as exemplified in Table 3 . The adaptation of the model to country-specific needs will become increasingly important as ministries of health prepare their community-based health workforces for the management of the increasing burden of non-communicable diseases. However, the management of patients with these diseases by CHWs requires further study and operational detailing in low-resource settings, as well as a dedicated supplemental source of financing.
In summary, we recommend that countries wishing to develop a CHW strategy perform a similar costing exercise to design programme budgets. According to previous Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.12.109660
Page 10 of 23 studies, investment in a well-organized and comprehensive CHW subsystem that is embedded in a primary-health-care system can reduce maternal and child morbidity and mortality. Our assessment suggests that the costs of the core elements of such a system are a fraction of the costs of primary-health-care services overall. This costing exercise sets the stage for a costing framework that can be used to determine the cost-benefit and cost-effectiveness of CHW programmes. 
